AIM: To preliminarily test proteomics in aqueous humor in patients with dry age-related macular degeneration (AMD) by using the proteomic technology. • METHODS: Aqueous humor samples were collected from patients with or without dry AMD, who underwent cataract surgery. The aqueous samples were analyzed with isobaric tags for relative and absolute quantification (iTRAQ) combined with liquid chromatography tandem mass spectrometry (LC-MS/MS) technology. The differential expressed proteins were analyzed with gene ontology (GO) enrichment, Kyoto Encyclopedia of Genes and Genomes (KEGG) and protein-protein interaction (PPI) network analysis. The data were partly validated by ELISA and Western blot. False discovery rate (FDR) was used for statistical analysis.
INTRODUCTION
A ge-related macular degeneration (AMD) is a severe disease with the chronic progressive loss of central vision, which is caused by environmental and multi-genes interactions [1] . It is the leading cause of blindness in patients over 60 years old, and the number of patients with AMD is expected to reach 288 million by 2040 [2] . Recent study showed that the morbidity caused by this globalized disease in Asian populations was similar to or even higher than Caucasians [3] [4] [5] [6] . AMD is divided into atrophic (dry) form with drusen deposition, in which geographic atrophy (GA) was the severe form, and neovascular (wet) form with formation of choroidal neovascularization (CNV). Currently, anti-vascular endotheliall growth factor (VEGF) reagents, like ranibizumab, aflibercept and conbercept, are widely used to treat CNV secondary to wet AMD in clinical practice, showing great efficacy in regressing CNV. However, there are no effective treatments for dry AMD. It is of the importance to elucidated the mechanisms of dry AMD and thus to find effective treatments for it. Recent studies reported some differential expressed proteins, identified from aqueous humor, vitreous body, Bruch's membrane and plasma [7] [8] [9] [10] [11] , might be used as the promising biomarkers for dry AMD, which are associated with oxidative stress, immune activation and metabolic dysfunction, etc. The current methods for protein quantitative partition include two-dimensional fluorescence difference gel electrophoresis (2D-DIGE) coupled with stain and mass spectrometrybased detection. 2D-electrophoresis is widely used for its Int J Ophthalmol, Vol. 12, No. 11, Nov. 18, 2019 www.ijo.cn Tel: 8629-82245172 8629-82210956 Email: ijopress@163.com feasibility and low cost, but it has some limitations, such as to effectively separate extreme high or relative low molecular weight proteins (>200 kD or <8 kD), low abundant proteins, hydrophobic proteins and basic proteins. Mass spectrometrybased detection can be divided into labeling quantitation and label-free quantitation. Labeling quantitation includes metabolic labeling and isotope-coded affinity tags (ICAT) in vivo as well as stable isotope labeling of amino acids in culture (SILAC) and isobaric tags for relative and absolute quantification (iTRAQ) in vitro. Among them, iTRAQ is an approach utilizing isotope labeling technology introduced by the American applied biological systems corporation [12] . Comparing with other methods, iTRAQ has several virtues, e.g., analysis of a wide range of samples including cellular extracts and complex mixture samples, high-throughput simultaneously quantifying four to eight kinds of samples, good repeatability and high result consistency, etc [12] . In this study, we used iTRAQ to detect the differential expressions of aqueous proteins in patients with or without dry AMD, followed by liquid chromatography tandem mass spectrometry (LC-MS/MS) for identification. Several differentially expressed proteins (DEPs) detected by iTRAQ could be served as potential biomarkers for dry AMD, which helped to elucidate its underlying mechanisms. Table 1 . Before the surgery, all patients were examined thoroughly to exclude systemic diseases and evaluate eye conditions including routine blood test, slit-lamp examination, fundus photography, fluorescence fundus angiography (FFA), indocyanine green angiography (ICGA) and optical coherence tomography (OCT), etc. The patients with cataract only were served as control. Total twenty-four aqueous humor samples (0.1 mL/patient) were obtained via paracentesis of anterior chamber by using 23G needle before phacoemulsification. The aqueous humor samples were immediately transferred to cryogenic vials and stored at -80℃ until assay.
SUBJECTS AND METHODS

Protein Preparation and iTRAQ Labeling
Protein concentrations were determined by BCA protein assay according to the manufacturer's instruction (Merck, Darmstadt, Germany). Considering the total concentration was five times lower in aqueous humor than in plasm, the aqueous samples were not processed to remove the high abundant proteins to prevent the loss of certain binding proteins. The protein samples (30 μg per sample) were mixed separately as AMD group or control group, and digested with trypsin (the proportion of trypsin: protein=1:25). The digestion was carried out overnight at 37℃, and then followed by iTRAQ labeling. The peptide mixture was labeled with iTRAQ reagent according to the manufacturer's instruction (AB Sciex, Foster City, CA, USA). Briefly, the aqueous samples from 12 AMD patients were pooled together, divided equally into two groups and labeled with 114 and 115 tags, respectively. And the samples from control group were processed with the same way and labeled with 116 and 117 tags respectively. The quantitative values of iTRAQ ratios expressed as the average of 114:116 and 115:116 for AMD group, and as the average of 116:116 (equal to 1) and 117:116 for control group. After reaction at room temperature for one hour, all labeled samples were collected into a tube for subsequent reaction.
Quantitative Proteomic Analyses and Data Processing
Firstly, the complex mixed peptides were classified using strong cation exchanger (SCX) column according to the ICAT Cation Exchange Buffer Pack kit. Gradient elution was done in order of increasing KCL concentrations (40, 60, 80, 100, 120, 140, 160, 200, 240 and 460 mmol/L). Eluant was gathered, concentrated and desalted after SCX grading. Peptides of twice eluting were pooled and dried for liquid chromatography (LC). The complex peptides were separated into simple peptides by using LC. A binary gradient with solvent A [2% acetonitrile (ACN) and 0.1% formic acid (FA)] and solvent B (98%ACN and 0.1% FA) was employed as the mobile phase. The dried SCX fractions were dissolved in 20 μL of solvent A, followed by centrifugation at 12 000 r for 10min. Totally 8 µL of each sample was loaded and flow rate of loading pump was controlled at 2 µL/min. The peptide solutions were desalted for 15min and then separated peptides online at 0.3 µL/min. Solvent B was ramped up from 5% to 48% in 85min and increased to 80% maintained for 5min to elute the highly retained peptide segments. After that, the concentration was changed to 5% for 10min. The peptide fractions were finally collected and entered MS analysis after ionized. The identification of platform of MS analysis was ABSECX TripleTOF TM 4600, acquisition map model was in Data Dependent Acquisition (DDA) scanning mode, and the sprayer used New Objective. The ionization voltage maintained at 2.3 kV and the mass-to-charge ratio of MS scanning was in the range of 350-1250 (m/z), with cumulative time of 0.25s. The top 30 multiply-charged ions were selected for MS/MS analysis of each scan from an m/z 100-1500 range. The cumulative time of MS/MS analysis was 0.1s, dynamic elimination time was 25s, fluctuation state of collision energy was set as enabled, and collision voltage difference was 5.
In the LC-MS/MS analysis, a protein with an unused score below 1% false discovery rate (FDR) and at least 2 unique peptides with 95% probability should be accepted. Bioinformatics Analysis Gene ontology (GO) annotation was performed using the Blast2GO Bioinformatics software (V3.1.3) [13] . GO enrichment, protein-protein interaction (PPI) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment were performed with the OmicsBean multi-omics data analysis tool (http://www. omicsbean.com:88/) [14] , based on gene/protein fold change. In PPI analysis, solid lines represented interactions with higher confidence scores. The confidence cutoff was defined as 400. Enzyme-linked Immunosorbent Assay Concentration of the high-expressed protein from plasma samples were detected by enzyme-linked immunosorbent assay (ELISA) according to the manufacturer's instructions (R&D systems, Human alpha 1-Acid Glycoprotein Quantikine ELISA Kit). Briefly, 100 µL of assay diluent and 50 µL of standard, plasma samples or control were added to each well and incubate for 2h at room temperature. Then, the wells were sequentially aspirated, washed four times, followed by adding 200 µL of conjugate to each well and incubated at room temperature for 2h. After aspirated and washed four times, the wells were further incubated with 200 µL substrate solution at room temperature for 30min in darkness. Finally, 50 µL of stop solution was added to each well and optical density was read at 450 nm on an enzyme label colorimeter (Multiskan FC, Thermo Scientific, USA). Western Blot Analysis Five isopyknic protein samples with the same concentration of total proteins were mixed and subjected to 10% polyacrylamide gels for electrophoresis, and were transferred onto PVDF membrane and incubated with the primary antibody (Human alpha 1 Acid Glycoprotein antibody, 1:500; R&D system, Mab3694) overnight at 4℃. The membrane was washed three times with Tris-Buffered saline Tween (TBST) and labeled with the secondary antibody (1:2000) for 1h at room temperature. After three washes with TBST, the image was captured with electrochemiluminescence (ECL; BIO-RAD, Molecular Imager). Statistical Analysis Protein ratio was analyzed by FDR, a built-in procedure of ProteinPilot software, which is the corrected P values. Peptide identifications required an FDR value <1.0%.
RESULTS Proteomic Identification of Differentially Expressed
Proteins Profiling of DEPs between dry AMD group and control group were created by quantitative proteomic analysis.
To highlight the key proteins, two key criteria were used to define the specific proteins, i.e., 1) protein levels in AMD group higher than at least 1.5-fold or lower than at least 0.8fold of that in control group; 2) protein levels in control group changed between 0.8-fold and 1.2-fold. Based on this criterion, a total of 244 proteins were detected; among them, 89 proteins were identified differentially expressed, with 38 up-regulated proteins and 51 down-regulated proteins (Figure 1 ). The details of the DEPs were listed in Tables 2 and 3 .
Gene Ontology Analysis of Differentially Expressed Proteins
GO enrichment characterized the DEPs on biological process (BP), cell components (CC), and molecular function (MF). Each top 10 categories were calculated based on the protein counts and were shown in Figure 2 . For the analysis of BP, majority of obtained proteins were involved in single-multicellular organism process or multicellular organismal process. Beyond that, response to stress and external stimulus accounted for a large proportion with pathological significance. In the CC analysis, the most of proteins located in extracellular regions and membranebounded vesicles or organelles. In terms of MF, the results indicated that protein binding is one of the important functions.
Proteomics of aqueous humor in dry AMD
GO analysis of DEPs consistent with the known pathogenic mechanism of AMD. Besides, vesicle mediated transport in BP, extracellular vesicle and exosome in CC suggested that some specific proteins were related with exosome. Kyoto Encyclopedia of Genes and Genomes Pathway Analysis of Differentially Expressed Proteins KEGG enrichment highlighted 15 significantly accumulated pathways involving the DEPs (Figure 3 ). Eleven DEPs (10.09%) were accumulated in the complement and coagulation cascades pathway, and 5 DEPs (4.59%) were enriched in staphylococcus aureus infection pathway. Moreover, the enrichment of extracellular matrix (ECM)receptor interaction pathway (3 DEPs, 2.75%) was observed, which is consistent with the GO enrichment analysis.
Protein-Protein Interaction Network Analysis PPI analysis displayed the signaling network and interactions among the DEPs (Figure 4) . The result showed that up-regulated proteins were related to complement and coagulation cascades and glycolysis/gluconeogenesis, while the down-regulated proteins were involved in the pathways in protein digestion and absorption. Glyceraldehyde-3-phosphate dehydrogenase, plasminogen, kininogen-1, lysozyme C, and prothrombin tended to be key regulators in the network of PPI, which deserved further investigation.
Up-regulation of Immuno-inflammatory Protein in Serum
To validate the changes of DEPs detected by iTRAQ, serum alpha-1-acid glycoprotein 1 (A1AG1, aliases for ORM1 gene) was selected and verified with both Western blot ( Figure  5A ) and ELISA ( Figure 5B ), since this protein was an acute phase protein with inflammatory and immunomodulating properties [15] , and also some unique drug-binding properties that differ from those of albumin [16] . As shown in Figure 5 , serum A1AG1 level in dry AMD group was increased significantly than that in control group (about 5.32-fold of the control). The result suggests that immune disorders might play an important role in the pathogenesis of dry AMD. DISCUSSION AMD is one of the most serious eye diseases, still lack of effective treatments, especially for its dry form. It is necessary to find the potential biomarkers for dry AMD to understand the pathogenesis, predict its progression and prognosis, and find potential targets, thus to provide effective treatments. The proteomics for biomarkers in aqueous humor is a valuable method. Because there is evidence that pathological concentrations of several proteins present in the aqueous fluid are closely associated with fundus diseases [17] . In this study, total of 244 proteins were identified, in which 38 proteins were increased significantly in dry AMD patients. By using bioinformatics analysis (GO enrichment analysis, KEGG pathway, PPI), we found that immune and inflammation seems to play a major role in the pathogenesis of AMD. Most of the up-regulated proteins are serum proteins and primarily involved in physiological and pathological processes including inflammation and immune reaction, oxidative stress, 
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Int J Ophthalmol, Vol. 12, No. 11, Nov.18, 2019 www.ijo.cn Tel: 8629-82245172 8629-82210956 Email: ijopress@163.com coagulation process and formation of the extracellular matrix. From single protein function to pathways they involved in, and signaling networks constructed from proteins, these upregulated proteins provided the clues for the novel targets for dry AMD treatment. Immune and Inflammation Related Proteins The KEGG pathway showed 11 DEPs were enriched in the complement and coagulation cascades accounting for the largest part. Most of these proteins were reported to have pro-inflammatory function and some of them were also found to be up-regulated in AMD patients, e.g., Complement C3 (CO3) [18] and Ig gamma-1 chain C region (IGHG1) [19] . A1AG1, an immune and inflammation related protein which was found more than five times higher in our study, was proven to have the immune modulatory function, to decrease the proinflammatory cytokines and reduce the synthesis of cytokines of lymphocytes through changing its surface properties, thus exert the immune-suppression [15] . As an immune regulator and inflammation inhibitor, A1AG1 might play a protective role in the pathogenesis of dry AMD. In addition, A1AG1 can be induced by the acute phase inflammatory reaction [20] . The presence of acute phrase proteins suggested a local temporary inflammation in the eye of dry AMD patients and persistent inflammation will insult the retina, resulting in AMD. To explore the potential biomarkers for dry AMD, the serum is easier to be obtained than aqueous humor, which was further considered to be a more practical approach for clinical diagnosis. Therefore, the blood samples were collected from all patients and up-regulated A1AG1 level was detected, indicating serum A1AG1 might be a potential biomarker for dry AMD. Oxidative Stress Related Proteins Oxidative stress is involved in the pathological process of AMD, like lipofuscin in retinal pigment epithelium (RPE) cells was proved to be from oxidatively damaged photoreceptor outer segments [21] . A series of up-regulated proteins was found in our study like L-lactate dehydrogenase A chain (LDHA). It was also reported to be increased in RPE exosomes caused by oxidative stress [22] . Protein S100-A8 with highest expression level in dry AMD group, its extracellular function involves oxidant-scavenging and has a protective role in preventing exaggerated tissue damage by scavenging oxidants. Besides, carbonic anhydrase 3 (CAH3) was found, for the first time, to be five times higher in AMD group than that in control group. It is regarded as a scavenger of oxygen free radicals in many studies and has a protective effect on cells in oxidative stress reaction [23] . Roy et al [24] found that H 2 O 2 -induced apoptosis in fibroblast can be restored when CAH3 expression is forcibly increased in cells. These facts indicated the causal role of oxidative stress in the pathogenesis of dry AMD.
Metabolism Related Proteins
Macular region is one of the most active metabolic areas of human body. Maintenance of the homeostasis plays a prominent role in keeping normal functions. Inter-alpha-trypsin inhibitor heavy chain H2 (ITIH2) with three-fold increase in AMD group acts as a carrier of hyaluronan in serum or as a binding protein between hyaluronan and other matrix protein. Hyaluronan is the main component of ECM, which associated with ITIH2 might be involved in the pathological process of AMD. Up-regulation of hyaluronan means the activation of cells and tissues remodeling of physiological or pathological processes [25] , and the remodeling of ECM plays an important role in the pathological process of AMD patients. The development of drusen, changes in the Bruch membrane and the infiltration of immune cells are all related to the remodeling of dense or loose extracellular structures [7] . It can be speculated that the up-regulation of ITIH2 destabilize the ECM environment by affecting the production of hyaluronan, thus promoting the development of AMD. Beyond this, proteins of actin, cytoplasmic 2 (ACTG) and zinc-alpha-2-glycoprotein (ZA2G) [26] , which were proved to participate in retinal homeostasis, were found to be up-regulated in our study. AMD is caused by multiple factors, utilizing the proteomics technology to look for biomarkers can help us to elucidate the pathogenesis of this disease and screen the novel targets. By comparing the protein abundance spectra of the same tissue under physiological and pathological conditions, we can identify DEPs, facilitating early diagnosis and potential targets screening. The result of confirmatory discovery in serum bring us a reflect on whether AMD is a systemic disease or a local lesion, but the answer is still debated. Multiple factors may interact each other in the development of dry AMD. By applying different treatments for potential targets, the progress of the disease could be regulated, meanwhile the therapeutic effect and prognosis can be evaluated. Although the limitations exist, such as small sample size caused by difficulty in obtaining samples, the present study reported the differential expressions of proteins in the aqueous humor, which could provide a clue for the elucidating the pathogenesis of dry AMD as well as the potential therapy to targeting these biomarkers.
